Background: The risk of carotid vessel stenosis is high after radiotherapy (RT) to neck; however, carotid vessels are unavoidable during supraclavicular (SC-RT) in adjuvant treatment of breast cancer (BC). However, carotid vessels RT dose is less well-understood. We aimed to determine the carotid vessels doses received by different techniques for SC-RT. Materials and Methods: Thirty consecutive BC patients were planned to receive SC-RT and breast after breast conserving surgery (BCS) after taking 5 mm image slices on computed tomography (CT) simulation. Organs at risk (OAR) including carotid vessels, lungs, spinal cord alongwith clinical target volume (CTV) for primary tumor and lymph nodes were delineated. Comparative analysis was done between two treatment plans; three-field conformal radiation therapy (3F-CRT) and four-field conformal RT (4F-CRT) for CTV and carotid vessels doses. Results: The 4F-CRT was found better than 3F-3DCRT regarding coverage and homogeneity of the CTV volume. The 98% of the CTV was covered by 84% dose in 3F-CRT and 95% in 4F-CRT (p 0.001). The carotid vessels maximum dose in the in 3F-CRT was 54.5 ± 1.3 Gy compared to 51.6 ± 1.3 Gy in 4F-CRT (p 0.014), however the mean dose did not differ significantly (p value 0.8). The ipsilateral lung dose did not differ between the two techniques (p Value 0.9). Conclusion: The 4F-CRT plan was found better than 3F-CRT in CTV coverage with minimal dose to the carotid vessel and without significant higher dose to the ipsilateral lung.
Introduction
Regional supraclavicular radiotherapy (SC-RT) is generally considered for the breast cancer (BC) patients with tumor size ≥ 5 cm and or ≥4 involved axillary lymph nodes (LN). Recent data have shown locoregional benefit of SC-RT in patients with one to three involved axillary LN [1] [2] . However adjuvant radiotherapy trials failed to demonstrate any overall survival benefit for radiotherapy (RT) in BC because of attributed risk of vascular morbidity and mortality [3] .
The radiobiological basis of radiation induced vasculopathy is that it mainly affects the small vessels rather than the larger ones. However, recently emerging data on RT in head and neck cancer patients have shown an increased frequency of stroke or transient ischemic attack (TIA) secondary to carotid vessels stenosis [4] - [7] . The carotid stenosis following RT is dose dependent as well as other associated co-morbid conditions like age, hypertension, smoking, diabetes mellitus and hypercholestremia [8] . In SC-RT in BC patients, the carotid vessels, by virtue of their proximity CTV, are included in the radiation fields while targeting CTV. With advent of novel techniques in past two decades like three dimensional conformal radiation therapy (3DCRT), it is possible to give maximum dose to tumor and minimal doses to adjacent organs at risks (OAR) like lung, spinal cord and heart. Similarly, carotid vessels can be delineated as one of OAR during SC-RT in BC patients based on evidence of RT induced carotid stenosis.
The purpose of our study is to evaluate the carotid dose in the most world widely used breast irradiation techniques; 3F-CRT and 4F-CRT.
Materials and Methods
After taking institutional ethical committee (IRB) approval and informed consent, thirty consecutive BC patients were included in the study for adjuvant RT after BCS in following manner.
CT Simulation
At the time of simulation, all patients were first positioned supine on breast board with head turned to opposite direction of treatment side and with both arms placed above the head. A single isocenter was chosen at the level of match line between the SC and breast below the medial end of clavicle. During simulation, a reference transverse plane was identified by laser light alignment at the level of the breast areola. CT images were obtained with a high-speed 16-slice helical scanner at 5 mm slices through the region of interest.
Target Definition
Breast, SC-LN, level III axillary LN ipsilateral carotid vessel, spinal cord, heart, and both lungs were contoured on each CT cut as shown in Figures 1(A) and (B) .
The level III axillary LN clinical target volume (CTV) was delineated superiorly by the insertion of the pectoralis minor muscle on the coracoids process, anteriorly by the posterior border of the pectoralis minor muscle, posteriorly by the ribs and intercostal muscles, and laterally by the medial border of the pectoralis minor muscle. We defined the medial and inferior limits by the edge of the visible axillary fat plane [9] . For SC-RT, CTV was defined medially by the lateral edge of the trachea excluding the thyroid gland, superiorly by the inferior edge of the cricoid cartilage, anteriorly by the posterior border of the sternocleidomastoid muscle, postero-laterally by the anterior border of the anterior scalene muscle, and postero-medially to include the carotid artery and jugular vein. At the inferior aspect of the SC-LN, the anterior border of the subclavian vessels forms the posterior border of CTV [9] .
The CTV of SC-LN and level III axillary LNs were expanded uniformly by 0.5 cm to create a regional nodal planning target volume (LN-PTV).
Radiation Techniques
Two plans were generated for each patient by the same planner using Eclipse "Aria version" treatment planning software (Varian Medical Systems, Palo Alto, California). A dose of 50 Gy in 25 fractions, delivered was prescribed to the breast and regional lymph nodes. A dose volume histogram is created to check the LN-PTV coverage and the dose to OAR for each plan. 
Three-Field Conformal RT Plan (3F-CRT)
Opposed tangent fields were designed to encompass the contoured breast as follows: the superior edge of the field was defined by the inferior extent of the LN-PTV which correspond to the clinically chosen isocenter. The inferior edge was placed at 2 cm below the infra-mammary fold. The anterior border designed to be outside the body by 2 cm. The angle of tangential fields is chosen to avoid as much as possible of the lung. Dynamic wedges were used to maintain homogeneity within ±10%.
A single AP was matched to the superior border of the tangential fields to encompass the LN-PTV. A small gantry angle of 5 -15 degrees was applied to avoid the spinal cord. Dose was prescribed to the LN-PTV to allow 95% iso-dose curve covering the volume. Wedges were used to have homogeneity as per each case Figure 2.
Four-Field Conformal RT Plan (4F-CRT)
The same plan of 3F-CRT was used with adding posterior opposing field to AP field. Differential weighing between AP/PA fields was used with choosing 18MV energy for the PA field to attain homogeneity and conformity 
Statistical Analysis
LN-PTV, ipsilateral lung and carotid vessel doses in the two treatment plans were evaluated. Statistical package for social science version 16.0 (SPSS; 16.0) was used for data analysis. Minimum, maximum, mean and standard deviations were used for quantitative data description. Statistical analysis was performed using one-way ANOVA to detect differences among the 2 plans. For those parameters with significant differences, a two-tailed paired student t-test was subsequently used to compare mean values among the different groups. p-value 0.05 was considered statistically significant.
Results
Comparative analysis according dose characteristics in both treatment plans is given in Table 1 .
The 3F-CRT plans showed mean minimum dose to SC-CTV 3988 ± 504 cGy (range: 2709 -4558) compared to mean minimum to SC-CTV 4463 ± 401 cGy (range: 3063 -4926) for 4F-CRT. The SC-CTV maximum dose ranged from 5301 cGy to 5810 cGy in the 3F-CRT plan with mean maximum dose 5518 ± 144 cGy, while the 4F-CRT plan showed range of 5130 cGy to 5511 cGy and mean maximum dose 5333 ± 111 cGy. The difference between both techniques regarding the SC-CTV maximum dose was highly significant (p 0.001). The SC-CTV mean dose range in the 3F-CRT plan was 4750 -5190 (mean 4942 ± 109 cGy) compared to 4890 -5270 (mean 5051 ± 89 cGy). The difference in the mean dose was significant (p 0.02).
The iso dose curve covering the 98% of the volume ranges from 70% -97% (mean 84%) in the 3F-CRT plan compared to 90% -99% (mean 95%) in the 4F-CRT. The difference was highly significant (p 0.001). The ipsilateral lung dose was not affected significantly by adding the posterior field. The percent volume received 20 Gy ranged from 12% -28% (mean 20% ± 3.8%) in the 3F-CRT compared to 12% -30% (mean 21% ± 4.3%) in the 4F-CRT technique (p 0.9).
The maximum carotid dose ranged from 5230 cGy to 5661 cGy in the 3F-CRT plan compared to 4874 cGy to 5285 cGy in the 4F-CRT plan Figure 3 .
The mean maximum dose of the carotid vessel was 5454 ± 131 for the 3F-CRT plan and 5159 ± 112 for the 4F-CRT plan with statistical significant difference (p value 0.014). The mean dose for the carotid vessel ranged from 2056 cGy to 5467 cGy (mean 5026 ± 818) for the 3F-CRT however, it ranged from 4613 cGy to 5121 (mean dose 4966 ± 128) in the 4F-CRT plan. There was no significant difference between the two studied plans regarding the mean carotid dose (p value 0.8).
Discussion
Adjuvant radiation for breast cancer apart from improving loco regional control proved to have overall survival benefit, however, the serious late effects of radiation including the stroke probability could mask this benefit [3] .
Many factors are well known to be risk factors for stroke and vascular stenosis including age, diabetes mellitus, hypertension, hypercholesterolemia and smoking [8] . Many studies have shown the radiation as one of causative factor for vasculopathy. Lam et al. reported 30% of the nasopharyngeal cancer patients treated with radical radiotherapy developed significant common and internal carotid arteries stenosis compared to the pre radiotherapy [6] .
The 15 year cumulative risk of carotid vessel stenosis in a 367 head and neck cancer patients reported to be 12% in Dorresteijn et al. study [7] . However, risk of stroke in BC patients treated with adjuvant SC-RT was found similar to non-irradiated BC patients with 10-year actuarial freedom from hospitalization for stroke was 91% for non-irradiated patients versus 89.5% for irradiated patients (p 0.9) [10] .
Apart from this controversy, Chung et al. studied 16 BC patients by MRI before and after SC-RT to determine the frequency of narrowing of the carotid arterial lumen. All the patients received more than 40 Gy and all of them showed MRI vascular changes. When the MRI changes correlated with stenosis, it was found that 56% of patients had carotid artery stenosis. The differences between the pre and post radiation scans were statistically significant (p < 0.05) for one reader and (p < 0.0001) for another reader [11] . Pathogenesis of radiation induced vascular stenosis start with development of degeneration of the media of large vessels followed by fibrosis, which appears at 2 months to 2 years after radiation. With time, the intima; just above media also starts a disruption. These effects cause irregularity of the surface of the large vessels which enhance the increase of intima media thickness (IMT) and atherosclerosis [12] [13] .
The small vessels like the vasa vassorum are more susceptible for radiation induced damage as radiation inhibits capillary and vascular remodeling. Occlusion of the vasa vasorum may also be important in the late development of fibrotic and degenerative changes in irradiated vessels [14] .
Radiation vasculopathy is thought to be both time and dose dependent, so one would expect that the larger the dose, the greater the effect and the longer the time after exposure, the more severe the expected stenosis [8] .
The dose effect of the transient ischemic attacks and vascular stenosis is not well known. Elerding et al. showed that RT to head & neck and lymphoma patients was associated with abnormal angiogram of the carotid in 25% of cases. They did not differentiate between lymphoma cases which receive maximum 40Gy and head & neck cases receiving 60 -70 Gy (13) . These findings were consistent with Hull et al. results who reported the median SC-RT dose of 38 Gy (range, 30 -57 Gy) for carotid stenosis [15] . Also, Graus et al. proposed that, the minimal dose for RT induced damage of the cervical arteries was assumed to be 41 Gy [16] . Bilora et al. showed increased IMT of the arterial wall in Hodgkin and non-Hodgkin patients received RT compared to matched controls [17] [18] . Gianocolo et al. confirmed these findings on 19 patients received neck irradiation and most of them had Hodgkin disease. The mean dose received was 41.2 ± 15.6 Gy (range: 25 -70 Gy). Common carotid IMT was measured with echo-color Doppler. The data compared to 19 matched non-irradiated controls with the same risk factors. Although the difference did not reach statistical significance (p = 0.1), but the irradiated young patients (age ≤ 52 years) had IMT measurements higher (0.54 ± 0.08 mm) than the non-irradiated young patients (0.49 ± 0.14 mm). The mean carotid IMT increased with increasing doses of radiation to the neck with p value 0.04 [19] .
In view of the previous data, efforts shall be made to keep the dose to the carotid vessels minimum as much as possible especially in cases where prescribed dose exceeds 50 Gy or above. The different radiotherapy techniques have been used to treat the SC-RT in BC patients with variation in CTV coverage, excessive normal tissues irradiation, or producing undesirable hot spots. Current study was performed using CT based treatment planning. The 3F-CRT plans showed inadequate coverage of the SC-CTV and higher carotid doses as compared to 4F-CRT. Our findings are consistent with results of Jephcott et al. who evaluated 10 patients with BC. The axillary and SCV LN volumes in addition to the brachial plexus were contoured. Four plans for each patient were created including single AP, AP/PA, anterior field with PA boost and AP with PA boost. The AP plan gave poor PTV coverage in 60% of cases. The AP-PA provided good PTV coverage and minimal hot spots [20] . Wang et al. compared AP field, AP/PA and IMRT for SCV RT. Apart from the IMRT which was better regarding the volumes that received 105%, 80%, and 30% of prescribed dose outside the delineated volume, the AP/PA was found better than AP for CTV coverage and this study concluded that CT treatment planning with dose optimization around delineated target volumes should become standard for radiation treatments to avoid unnecessary hot spots [21] .
In general, there is misconception that adding posterior field to the SC-RT is associated with increased lung dose. We did not see any difference in lung doses. The V20Gy of the ipsilateral lung was 21% in the 4F-CRT and 20% in 3F-CRT (p 0.9). Lomax et al. reported the similar conclusions [22] . However, we believe that using V20Gy which was not reported in Lomax data is far better than using the mean lung doses from radiobiological point of view. By comparing 3 field plans of Vitolo et al. [23] with 3F-CRT in our series, we found that the mean dose to the carotid vessels was 98% compared to 100% respectively and the maximum dose 112% and 109% respectively, which confirms our results that the dose to the carotid vessels is relatively high by using single anterior field to SC-CTV.
Conclusion and Recommendation
The potential for stroke is well-recognized in patients with neck irradiation. Hypertension, diabetes mellitus, hypercholesterolemia and obesity are known to exacerbate the severity and speed of atherosclerosis.
We recommend optimizing the indications and technique for SC-CTV irradiation. The carotid vessels should be considered as OAR and should be delineated especially in high risk patients for stroke with associated comorbidities. The AP/PA for the SC-RT is better than the AP field regarding the dose to the carotid vessels and even better for target volume coverage. Using more sophisticated techniques is encouraged to have better conformal treatment.
Effective management of other modifiable risk factors with appropriate changes in lifestyle is highly recommended for patients with BC received radiation and hormonal treatment. In addition to that, routine follow-up for high risk patients for radiation induced carotid artery stenosis is advisable.
